Changing agricultural research and extension systems mean that informal mechanisms of information diffusion are often the primary source of information about improved seed and practices for farmers in sub-Saharan Africa. This paper investigates the interactions between gender, social capital and information exchange in rural Uganda. Within the framework of farmer-to-farmer models, we conceptualize the informal information diffusion process to comprise social capital accumulation and information exchange. We assume that each agent participates in information exchange with a fixed (predetermined) level of social capital and examine how endowments of social capital influence information exchange, paying close attention to gender differences. A multinomial logit model is used to analyze multiple participation choices of information exchange facing the farmer. Findings demonstrate that social capital is an important factor in information exchange, with men generally having better access to social capital than women. We also find strong evidence in support of group-based technology dissemination systems.
INTRODUCTION
In light of growing challenges of population pressure, land degradation, and declining agricultural productivity, farming in sub-Saharan Africa is increasingly knowledge intensive.
Agricultural households deal with different biotic pressures simultaneously (e.g., pest and disease infestations, drought, soil fertility) while trying to compete in the global market for their produce.
Small-scale producers often rely on informal mechanisms of information exchange and knowledge sharing to address these challenges. Given the limited scope of formal extension programs, informal exchange is often the primary source of information about new technologies in sub-Saharan Africa.
The increasing role of informal mechanisms for information sharing has been recognized in the literature through farmer-to-farmer models of agricultural development (Eveleens et al. 1996) . Unlike the traditional extension model, which treats farmers as passive recipients of information, the farmer-to-farmer model recognizes that farmers actively gather information from fellow farmers to enhance their knowledge. This process of information gathering, or social Social capital may influence social learning and information diffusion in a number of ways. First, social capital reduces the cost of information acquisition since it can be acquired passively during social interactions or actively from people who already know each other.
Second, social capital reduces the uncertainty about the reliability of information. Information is likely to be given a higher value if it comes from trusted people. Third, social capital facilitates the willingness and cooperation to share information, thereby revealing the tacit information that would be difficult to exchange otherwise (Yli Renko et al. 2002) .
Research documenting the role of social capital on information flows in developing economies has been growing. Limited attention has been given to gender aspects that may influence both social learning processes and accumulation of social capital. Emerging empirical evidence provides support for the role of gender in information exchange through different, gender-related stocks of information and usage of social capital (Maluccio et al. 2003) . In many rural areas, where small-scale agriculture takes place, gender differences have been found to have a significant impact on resource allocation and productivity in agriculture (Alderman et al. 2003 ).
This paper contributes to the literature by providing evidence of gender disparities in the access and exchange of information in rural Uganda. We hypothesize that there are gender differences in information exchange that can be attributed to gender differences in the formation and use of social capital among agricultural households. The information exchanged pertains to different agricultural technologies for improving the productivity of bananas, the staple crop of Uganda.
A multinomial logit is used to estimate the response probabilities associated with participation in informal information exchange related to new agricultural technologies in rural Uganda. Participation takes the form of receiving or sending information, or both. Participation in information exchange is estimated for the full sample, while controlling for gender, as well as for two sub-samples (male-and female-headed households) in order to capture gender differences in social capital formation and in the reciprocity of information exchange.
Section two contains a brief overview of the literature on interactions between gender, social capital formation and diffusion of information. Section three develops a conceptual framework of information exchange among rural households, focusing on the role of social capital in the process. This section also lays out the theoretical model of household participation in information exchange. The empirical model is described in section four, followed by description of the data and variables used in the analysis. The results section provides a description of the contextual background of rural households in Uganda, as well as the empirical findings of the study. The paper concludes with a discussion of the implications for policy drawn from the analysis.
GENDER, SOCIAL CAPITAL, INFORMATION EXCHANGE
Development programs are often criticized for failing to account for gender inequalities in decisionmaking, task allocation and resource ownership and management, which has implications for policy recommendations (Quisumbing 2003) . Gender inequalities almost always favor men, with women often being disadvantaged both in the control over household assets (Fafchamps and Quisumbing 2003) and in the division of responsibilities in the household and in the community. Even when a woman heads the household and is in charge of household resources, gender differences emerge across female-headed households and their male-headed counterparts. Significant heterogeneity among female-headed households has also been highlighted in the literature implying differential provision of resources and their use among rural settings (Peters 1983 ). Women and men also have different resource endowments when pursuing livelihood strategies, which could have far-reaching consequences on social capital formation and information exchange.
To build and maintain a social network is costly in terms of both time and other resources If women and men have different types and qualities of social capital, they may participate differently in information exchange. Men may be inclined to acquire and provide more information to their social network (i.e. pooling of information) than women. Women are often more dependent on informal networks based on everyday forms of collaboration, such as collecting water, fetching fuel wood and rearing children. These services, together with the fact that women have a high opportunity cost of time, may motivate women to form networks with individuals who are geographically close to reduce the length of time required for travel for social interaction. However, geographically close networks tend to be limited in their scope of information transmission (Granovetter 1973) . In contrast, men may be engaged in more geographically dispersed social networks, such as community projects, and may participate more in civic engagement (Maluccio et al. 2003) . Such participation provides them with greater access to information and stimulates information exchange with others (Granovetter 1973 ).
If women and men belong to the same social networks, but men take on brokerage positions (i.e. bridge otherwise disconnected social groups), then new information obtained by men from distant social networks may quickly diffuse to women. Though provided with access to social information, women become net information receivers and disproportionately underparticipate as information providers. Therefore, gender differences may emerge in the extent of reciprocity of information exchange.
CONCEPTUAL FRAMEWORK
Previous studies on information acquisition in agriculture conceptualize farmers as merely information consumers who choose sources of information that will maximize their expected utility (Just et al. 2002; Wozniak 1993, Feder and Slade 1984) . Models employed to analyze the determinants of information acquisition were to a large extent biased towards formal sources of information (i.e. specialized information providers such as extension educators, radios or publications). Information from other farmers was assumed to be freely available to all farmers (Feder and Slade 1984) .
Starting with the work of Conley and Udry (2001) this assumption has been challenged.
It is now increasingly recognized that information on agricultural innovations diffuses through social networks rather than being freely available in the village. We adhere to this view in studying the role that social capital may play in facilitating information exchange among rural households in Uganda. We further differentiate the social networks by gender in order to gain greater insight into how gender inequalities influence the effectiveness of social capital in facilitating information exchange.
Information from other farmers diffuses through pooling and copying mechanisms (Collier 1998) . Pooling of information is a two-way mechanism where the individual involved in direct interpersonal interactions gives some information and/or obtains some from others in return. Copying is a one-way mechanism that takes place by physical observation of the others' experiments without a direct interaction between agents. In this paper we focus on information pooling through face-to-face interpersonal interactions; copying is viewed as being nested in the pooling mechanism.
By information exchange, we mean any form of information sharing among rural households, whether as recipient, provider or both. Unlike formal sources where information is transferred from providers to the consumers in a unidirectional manner, information diffusion through informal mechanisms is multidirectional. In other words, individuals simultaneously receive and provide information to each other. Although information exchange through informal means generally tends to be less costly compared to that from formal sources, it is not cost free.
We attach a cost to information acquisition and provision to account for the time and effort it takes to exchange information. A household can participate in information exchange as an information receiver, information provider (sender) or both. If each alternative of participation is thought of as a possible choice, the decision maker's problem is to choose from the available options the alternative that maximizes his/her expected utility of the net benefits from participation. Benefits can be derived from knowledge gained from receiving information or from expected future resources acquired from providing information, or both.
Modeling household participation in information exchange
The utility of receiving information is constrained by the cost of information acquisition, which depends on the amount of information received, the number of established social links and the personal ability to acquire information. The utility of providing information is constrained by the cost of information provision, which is defined by the individual's ability to communicate their knowledge and by the size of the social network. The decision maker also faces a social norm constraint. An individual who deliberately withholds information from another member of the social network faces a punishment, the magnitude of which depends on the size of the social network. Non-participation in a network entails zero punishment, while participation is associated with some positive level of punishment when non-compliance of norms is observed. Information about the cooperation of a network member is assumed to be freely available and observable by all other members in the same network. Finally, the utility obtained from both receiving and sending information is constrained by the cost of information acquisition and information provision, as well as by the punishment for deviating from a social norm.
ECONOMETRIC METHOD
The decision maker is faced with a decision of whether to participate in information exchange and which form of participation. There are four feasible alternatives: 1) do not participate in information exchange, j=0; 2) participate in information exchange as a net receiver, j=1, 3) participate in information exchange as a net provider, j=2; and 4) participate in information exchange as both a receiver and a provider, j=3. Let y be a random variable taking on the values {0,1,2,3} denoting the participation choice given a set of conditioning variables x (household and community characteristics, as well as the size of the social network). Each choice is associated with a different level of utility and decision makers will select alternatives that maximize their utility, as defined above. Changes in the elements of x affect the probabilities of choosing one alternative out of the set of available alternatives, β are coefficients to be estimated and j ε is a vector of stochastic terms assumed to be jointly distributed as multivariate normal (Maddala 1983 ). The probability of choosing alternative h is the probability that utility from alternative h exceeds the utility from alternative j:
Participation in information exchange is estimated for the full sample, while controlling for gender, as well as for two sub-samples (male-and female-headed households) in order to capture gender differences in the reciprocity of information exchange.
DATA AND SAMPLE DESIGN
The data are drawn from a survey of randomly selected banana-growing households in rural Uganda, conducted between December 2003 and October 2004. The sample domain was selected to represent major banana producing areas in eastern, central, and south-western Uganda.
The sample was stratified according to low and high elevation (with a threshold of 1200 meters above sea level). Prior biophysical information suggests that elevation is correlated with soil fertility and the incidence and severity of pests and diseases, large sources of variation in banana productivity. Primary sampling units were defined at the sub-county level, allocated
proportionately with respect to elevation strata. Rural villages were the secondary sampling units.
One village was randomly selected per primary sampling unit. A total of 20 households with access to land were selected randomly in each village. The total sample comprises 400 households in 20 villages. Survey instruments were designed to elicit detailed information on social capital, information exchange and gender components of both processes.
Variable definition and hypotheses

Dependent variable
We consider household heads as a representative member of each household. Hence our focus is on differences between female and male headed households in their formation of social capital and participation in information exchange. We define female-headed households as those led by women who are either widowed, never married or divorced. Household heads were asked to recall whether they had participated in information exchange six months prior to the interview.
Responses were disaggregated according to whether the household received information from people other than household members and supplied information to non-household members. For each form of participation, the relationship of the respondent to the person(s) with whom information was exchanged was also recorded. Table 1 provides a summary of information exchange according to the form of participation and gender of the respondent. The majority of surveyed households (about 60 percent) simultaneously received and provided information to others. Only one fifth of the households did not participate in any form of information exchange, with the proportion being much higher for female-headed households (33 percent) than that for male-headed households (15 percent). A measure of association (Pearson's chi square, significant at 0.005) suggests that information exchange is higher among male-headed households than among female-headed households.
Explanatory variables
Explanatory variables and their hypothesized effects are summarized in Table 2 by gender. Participation in information exchange is expected to be determined by personal characteristics, social capital, and the overall production environment. Education is expected to influence information exchange both directly and indirectly. However, the direction of the effect cannot be established a priori. Education enhances the individual's ability to recognize, acquire and process information (Schultz 1975 ). Ability to express one's self also improves with education. Education may also increase participation in associations (Haddad and Maluccio 2003) or in other forms of social capital (i.e. civic engagement and/or the size of private social network). However, education also increases the likelihood of acquiring information from formal sources, and it can lower the likelihood of relying on informal mechanisms of information exchange.
The age of the household head is also hypothesized to influence the probability of participating in information exchange. The sign of the effect is, however, ambiguous. Age is inversely related with labor productivity, reducing incentives for information search. Age, however, is positively related with experience, or accumulated human capital, which is often derived from long-standing interactions with others.
Gender is hypothesized to indirectly influence how the individual participates in the information exchange but a direct effect can also be present. Female-headed compared to male- reading newspapers, listening to radio, watching television).
Geographical distance is commonly used as a measure of spatial diffusion of physical technologies such as seed. Following Granovetter (1973) , networks formed within the same village or same sub county were classified as strong ties because the frequency of interaction is likely to be higher in geographically close networks and lower in geographically distant networks ("weak ties" (Rogers 1983 )) irrespective of social relationship characterizing the network. The index for "weak ties" was defined as the number of people the household interacted with in the year prior to the interview that reside outside the sub-county.
The size of the household social network is depicted by 1) the total number of nonhousehold members the household can talk to closely and/or approach in case of a problem, and
2) the number of associations the household belongs to. These two types of social networks were included in the analysis separately.
All forms of social capital are hypothesized to increase the probability of information exchange. The extent to which an agent acquires external knowledge from its social network depends on the existence of the external knowledge in the network, the intensity of social interactions and the willingness to share information (Yli- Renko et al. 2002) . Search for knowledge is preceded by problem awareness and this awareness can be created passively during social interactions (Rogers 1983) . By encouraging awareness of the problem, social capital contributes to information exchange by stimulating the process of information search.
We also expect that social norms underlying the social networks enhance the trust and cooperation of network members, which in turn influence the proportion of individual stock of knowledge exchanged with network members. Increased trust and cooperation reduce the uncertainty about other people's willingness to reciprocate and hence enables individuals with valuable information to share it with others because they expect the reward in terms of future reciprocity (either in the form of information, cooperation or material gains) to be high.
RESULTS
Gender and social capital in the context of Uganda
In Uganda, geographical distance constitutes an important factor in shaping individual interactions and consequent information exchange. Most of the network ties among rural households are formed within the administrative level of a sub-county. Male-headed households tend to build and maintain larger network ties with relatives and friends than female-headed households (Table 3) . 
Weak ties
Number of relatives in household social network residing outside the sub county Note: ** mean differences significant at 1%, * significant at 5%
Frequency of household participation in social institutions in a year
The difference in the size of the social network can be attributed to the differences in the structure of the household. Females who head households are generally older and less educated and the household has less wealth assets than male-headed households. Old age, low education and poverty tend to discourage a household from accumulating social capital (Haddad and An important aspect of informal mechanisms of information diffusion is with whom information is exchanged. The nature of the social relationships that characterize the interaction between the individuals exchanging information is presented in Table 4 . Social relationships are described by the direction of information diffusion (received or sent) and are disaggregated by gender. 
Estimation Results
A multinomial model was used to study household participation in information exchange in rural Uganda. The independence of the irrelevant alternatives assumption was tested, and the null hypothesis that the odds of the outcome j versus outcome h are independent of other categories is accepted (p-values of 0.640 and 0.894). In terms of predicting the information exchange decisions, the model performs reasonably well (Table 5) . A Chow test was also used to determine the validity of estimating two sub-samples versus using the pooled data. The null hypothesis of equal coefficients in the two groups defined by gender is rejected (F-statistic of 2.46, which exceeds the critical value at the 1 percent level), justifying the statistical validity of inferences done by sub-groups versus those for the full sample.
Marginal effects of factors that influence how male-headed and female-headed households participate in informal information exchange are computed at the mean values and are presented in Table 6 . 1. These marginal effects show the effect of one unit change in the explanatory variable on the probability of choosing the participation alternative, where each alternative indicated in the column is compared with none participation alternative.
2. Estimates of the marginal effects of the probability of choosing receiver only alternative were not generated for the women sub-sample, which could be due to the small sample size. ** Significant at 1%, * significant at 5% and ^ significant at 10%
The model was estimated first using the whole sample, while controlling for gender, and then using sub-samples defined by gender. In each case, the chi-square value is significant at the 1 percent, implying that the explanatory variables taken together influence the information exchange decisions.
As expected, social capital significantly influences the informal information exchange among rural households in Uganda. However it has a differential effect on the type of information exchange, with most social capital variables having a significant effect on the multidirectional exchange of information, i.e. for those who both receive and provide information from and to others. The positive association with information exchange provides support to the existing literature that social capital enhances information diffusion. In the pooled sample, gender appears to play a role only in information acquisition, with men being more likely to receive information than women. There are no significant differences between men and women in the pooled sample for information provision and for joint information provision and acquisition. However, differences in the direction of information exchange emerge across sub-samples.
Belonging to more associations appears to have a strong effect on two-way informal information exchange, increasing the likelihood that both men and women will engage in information pooling with others. The effect of associations is larger for women than for men. This could be attributed to the characteristics of associations to which women belong as compared to those of men. Qualitative information from the survey shows that female-headed households belong to associations 4 that are relatively homogenous in terms of gender and religious beliefs compared to their male counterparts. The degree of homogeneity between two people communicating is believed to enhance the effectiveness of communication (Rogers 1983) . Associations increase the likelihood of interacting with other people holding different pieces of information and hence the incentive for information exchange.
Higher participation in civic engagement and in social institutions also increases the probability of information exchange, with men being more likely to participate as both receivers and providers of information about agriculture than women. These two forms of social capital enable decision makers to obtain new information, which could stimulate them to search for more information from others and hence catalyze the information pooling process.
The size of the private social networks and the weak ties do not seem to influence the probability of information exchange. Households with membership in a wider private social network are as likely to exchange information as people who belong to smaller social networks. However, the density of institutional social networks is an important determinant of participation in information exchange.
Personal characteristics also influence information exchange. Older men are more likely to participate as information receivers only, but less likely to engage in simultaneous receiving and providing of information, perhaps due to the low ability to communicate associated with old age. Lack of statistical significance of age among women may be associated with low variability in this sub-sample since most of the women that head households were likely to be older in age. Relatively more educated men are less likely to obtain information from others, which could be related to the ability to acquire information from formal sources among people with more formal education. The effect is different among women; more educated women are more likely to engage in two-way information sharing. This could be related to the differences in the general education attainment between gender groups. Although the education attainment of rural households is generally low, it is much lower among women.
Extension activity in the village is another important determinant of information exchange among rural households. This suggests that formal and informal sources of information exchange are complementary in the provision of different pieces of knowledge. Generally, households in villages with higher extension activity are more likely to engage in a two-way information exchange compared to households in villages with less frequent extension activity. This is true for both male-and female-headed households, though the effect is much higher for female-headed households. Thus, more frequent formal information diffusion mechanisms may stimulate the informal mechanisms of information exchange in villages in Uganda, particularly among women.
Distance to available road infrastructure also appears to be an important factor in information exchange, though with opposing effects across the sub-samples defined by gender of household head.
Households located in villages far from paved roads, with implicitly poor physical market access and communication infrastructure, are more likely to participate as both information receivers and providers, but less likely to participate in information exchange as information providers only. The transaction cost of information exchange is higher for isolated households, which stimulates a two-way exchange of information when engaging in social interactions. This is particularly true for male-headed households, as distance does not appear to have significant effect on information exchange of female-headed households.
CONCLUSIONS AND POLICY IMPLICATIONS
Established social structures, such as grassroots associations and institutions, have undoubtedly contributed to efforts of agricultural development in rural areas by improving information diffusion among farmers and transactions in the economy, thus improving efficiency of outreach programs by complementing government and market-based approaches.
This paper provides an insight into the linkages between social capital and informal information exchange among rural households in Uganda. By disaggregating the analysis by the gender of the household head, the study also provides a more detailed assessment of how differences among male and female-headed households influence information diffusion in the rural areas. Results support our initial premise that social capital significantly influences information exchange among rural households, with evidence of gender disparities in the process. Statistical analysis uncovers significant differences between male-and female-headed households in their participation in information exchange. Consistent with existing literature, female-headed households appear to engage less often in information exchange with others compared to male-headed households, a disadvantage in their access to information. Male and female-headed households also diverge in their access to different types of social capital. Male-headed households participate in civic engagement and social institutions more than female-headed households.
They also have wider private social networks than female-headed households, but no statistical significant differences exist between male and female-headed households regarding their access to associations and "weak ties."
While social capital enhances information exchange for both male-and female-headed households, the significance and magnitude of the effect is gender specific. Local associations are more productive among female-headed households while social institutions have a higher effect among male-headed
households. An important implication from this result for outreach programs is that different forms of social capital may need to be accounted for in development programs to avoid exacerbating gender inequalities in rural areas.
The results also provide support for the group based approaches in technology dissemination. Since both male and female-headed household have the same propensity to join associations, this type of social capital should be encouraged for enhanced information diffusion in the communities. Furthermore, the differences in social capital and the propensity to exchange information between men and women suggest that strategies that link the two social groups by promoting gender heterogeneous groups may have a greater impact on information diffusion.
The econometric analysis also reveals that formal extension activity in the village stimulates information exchange among rural households, particularly among women. Hence, greater support to extension programs that target farmer groups would have more impact on information diffusion in the community. Though important, articulating the relationship between road infrastructure development and information exchange requires further analysis.
Finally, the direction of information exchange is also of policy relevance. Both informal and formal mechanisms for information dissemination appear to have a significant impact on a two-way information sharing. If those more likely to receive information are also more likely to provide it, the extent of information dissemination will be larger (both in terms of geographical coverage and in terms of the number of farmers receiving/providing information 
